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ABSTRACT 

Photographs of arcus  and  funnel  clouds  which  occurred near the  western  shore of Chesapeake Bay on  the  afternoon 
of September 3, 1961, arc presented. An attempt, is mado  to  relate  the  unusual  cloud  phenomena to  meteorological 
event's of mrso-scale  dimensions. 

1. INTRODUCTION 

Spectacular cloud formations  are  not  unique in thc: 
Chesapeake Bay  area.  However,  at  t~pprosin~ately 1600 
EST September 3, 1961, the  author  had  the good  l'ortunc to 
photograph two  rare  cloud  formations from the  western 
shore of t'he  Bay  in  Calvert  County,  Maryland.  Two  and 
possibly three  funnels  developed  short'lyafter  tho passage ol' 
an arcus  cloud.  The  associated  weather  observed at'  t he  
time indicated that  probably two  instability  lines were 
passing the  area.  The  primary  purpose of this paper is to 
present the  cloud  observations.  Additionally, a n~cso- 
scale synopt,ic  analysis of surface  rneteorologicd  conditions 
is made in  order to investigate  the  causes of' the cloud 
phenomena on  a  compatible  scale. 

2. VISUAL  OBSERVATIONS 

The  location of the  camera (see fig. 1 )  on a cliff 
approximately  100 feet  above  the Bay. The area is 
heavily wooded and  trees  prevent  observation of the  cnt'ire 
sky. The  first  photograph  taken is figure 2. The lower 
cloud appears  to  have  a  slightly  downward  curvature 
(arc ABC); there is a curved  band  in a different  plane  above 
the  low cloud (arc DEF).  A  series of' photographs,  in 
rapid sequence,  was  then  taken  between 1555 and 1600 
EST, which reveals  a  complete,  low, are-like cloud.  Figure 
3 is a  composite  made  from  these  four  photogrttphs.' 
According to  the  International  Cloud  Atlas  [I],  such  a 
phenomenon is called "arcus",' and is a  "supplementary 
feature" associated  with  cumulonimbus, rather  t'han a 
separate cloud type.  The swirls  along  the  edge of the 
cloud, particularly  to  the  east  and  east-southeast (fig. 3) 

1 Technical data: Rolleiflex camera,  hand-held; exposure 1/50 sec.f/5.6,Verichrome Pan 
film, normal development  in Microdol. 
~DefinitionoC"arcus"from[l]:"Adense,horizontalrollwithmoreorlesstatterededges, 

situated on the lower front  part of certain  clouds and having,  when  extensive, the appear- 
ance of a  dark,  menacing  arch. This  supplementary  feature occurs with  Cumulonimbus 
and,  less often, with  Cumulus." 

indicate  an  extremely  turbulent  condition.  The  ragged 
elerllcnts appeared  to  pulsate up and down,  as  the cloud 
moved  rapidly  from  north to south.  The  arcus  then 
ttppearcd to  bc  lost  in  an  overcast of chaotic low  cloud 
moving  in  various  directions. 

Bet'ween  1600  and 1605 EST, photographs were taken 
with  the  camera  pointed  toward  the  southeast, showing the 
development of two  and  possibly  three  funnel clouds 
(figs. 4, 5, and  6).3 I t  is est'imat'ed  that  the  funnels were 
two  to  thrce miles from the  camera  location  as  shown  in 
figure 1. The estim,zt8ed positions of the  arcus  and  funnels 
shown  in  this figure are  not  simultaneous. When the 
funnels were photographed, the author,  at  the indicat'ed 
camera  location,  could  no  longer  discern  the  arcus.  The 

3 Photographic data same as for figures 2 and 3 exccpt lens opening waSfi4. 

FIGURE 1.-Location of camera  and  estimated  location of cloud 
phenomena. 





figure 4. Possible  third  funnel  indicated  by arrow. 

FIGURE B.-Funnrl clouds,  decaying  stage. Other data same as 
figures 4 and 5 .  
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N radar  at Washingt.on  National  Airport,4  and  the  hourly 
surface  weather  observations for the  area within  about 
200 miles of the  camera  locat’ion.  The  standard  surface 
synoptic  map  for 1300 EST September 3, 1961, shows  only 
high  pressure  predominating  over  the  area  with  no  frontal 
activity; i.e., an  ‘(air mass” situation. 

A sketch of the  radar echo  lines  on  the PPI scope 
(250-mile range)  at8 1139 EST is given  in  figure 7. The 
significant  echo  lines  are  numbered 1, 2 ,  and  3,  in  order of 
their  intensity.  The  positions of these  three  lines, a t  
approximately  half-hourly  intervals,  are  shown  in figure 8, 
as they  appeared on tjhe PPI scope  with  100-nautical mile 
range  setting.  Line 1, the  primary  line,  oriented  east- 
northe:tst  to  west-southwest,  moved  toward the south- 
southeast a t  an avcrage  speed of 28 kt., accelerating 
toward the end of the period.  Line 2 ,  oriented  north- 
east-sout’hwest,,  moved  southeast at   an average speed of 
only 5 kt.  Line 2  became smaller  with  time,  and dissi- 
pated  after 1405 EST (position D). Line 3, oriented 
northwest-southeast,  moved  erratically  toward  the  north- 
east, at an  average  speed OI 9 kt. ;  however, the  continuity 
of this  line was very difficult to follow. Probably several 
lines  were forming and  dissipntjing,  and  “line 3” should 
not be interpreted as one well-defined continuous  line (as 
wms line 1). The  line  shown a t  position G of line  3 first 

FIGURE 7.-sketch of echo  lines on WSll-57 PPI scope, TT”ashi1lgton appeared as a  new h i e  tit 1510 EST; it parallels position E’ 

1139E ST 

National  Airport,  September 3, 1961,  1139 EST. 250-nautical mile but j s  too far. &ead to be the Sltlne line. 
range.  Numbers  label  signillcant  lines  in  order of their  intensity. 
Small circle indicates  camera  location. 

4The WSR-57 radar operates at a u-avelength of 10 cm. and has a  peak pow-er output 
of 500 kw. Maximum range is 250 nautical miles  usirlg a 4 microsecond  pulse  length; 
beamwidth is 2”. tJnfortunately, no photographs were taken on short range and $4 
microsecond  pulse  longth, and  the  radarscope  camzra was malfunctioning,  sometimes 
taking  only a portion of the  full PPI circle. h~evcrtl~elcss, some useful data were  obtained. 
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FIGURE 8.-Positions of the  three  significant  radar  echo lines. Data same as figure 7 cxcept 100 nautical  mile  range  and  times  indicated 
by  lqymd. 



The  radarscope  photographs  reveal  that  at  several 
times the echo  lines  intersected  each  other.  Figure 7 
shows the first  such  occurrence:  lines 1 and 2 intersect a t  
approximately  100  nautical miles north of the  radar  site. 
The  intersection of lines 1 and 3, a t  1435 EST (position E 
of fig. 8 ) ,  is shown  in  the  radarscope  photograph (fig. 921). 
The  lines  intersect at] approximately 295'/38 nautical 
miles from  t'he  radar  site. At. 1500 EST (position F fig. 8) 
the  intersection is a t  295'/30 nautical miles. At 1530 
EST, one  could  estimate  the  intersection of lines 1 and 3 
at 090'jlO nautical  miles;  however, ILS illustrtltetl by 
figure 9b,  the  "spreading  out" ol  line 1 by this  time  makes 
the determination of line posit'iorls very  difficult.  Figure 
9b also shows  that'  the chwr:Lcter of the  precipitat'ion in the 
northeast  quadrant had become more  stratiform. 7'he 

appearance of the PPI scope at  approximately 1600 EST, 

when the cloud  photographs  were  taken, is shown in 
figure 9c." The intersection of line 1 and  the  remains of 
line 3 appears to be a t  135'/20 nautical miles. The 
location  where  the cloud photographs were taken is 
128'/31 nautical miles from  the  radar  site. 

While no pictures  are  available of the RH1 scope of the 
WSR-57,  which  would show  the  vertical  structure of the 
echoes, a notat'iun by  the  radar  observer on duty  indicates 
tops of the echo in t'he  vicinity of the  arcus  and  funnel 
clouds  were at  49,000 leet;  this was also the  tropopause 
height  as  indicated  by  the 1900 EST sounding at  Sterling, 
Va. (49 naut'ical miles northwest of the  camera  location). 

at 1603 EST, the  remainder at 1558 EST. Full circle pirture was not itvailable. 
5 Figure 9c was made  from two exposures; the portion from 344" through 097' was taken 

FIGURE 9.--Photographs of the  WSlt-57 PPI scopt:, W:t+hillgton Kational .4irport,  September 3, 1961, 100-nautical mile range. Axes 
of echo  lines  indicated  by x-x. Small circle indicnttns canwra location. (a) 1435 EST; (b) 1530 EST; (c) 1600 EST-arrow indicates lo- 
cation of arcus  and  funnel  clouds. 

a 1500EST b 1600EST C 1700 EST 

FIGURE  10.-Mesoanalysis of surface weather,  Septrnlbcr 3 ,  1981. Pressure  contours  labclcd  in  millibars.  Dashed  line  shows  position 
of primary  instability  line. ( a )  1500 EST; (h) 1600 EST; (c) 1700 EST. 
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Analysis of pressures  from  hourly surfacc wcat~her 
observations  between 1200 arld 1800 EST, at’ 1-mb.  inter- 
vals,  revealed  the  presence of a meso-High,  from 1500 to 
1700 EST behind  line 1. Figure 10 shows  that,  the  High 
moved  toward  the  south  at  about 30 kt .  between 1500 
and 1600 EST, and  t’oward  the  southeast at’ 30 kt.  in  the 
following hour.  Barograph  traces  at  the  Weather  Rurrau 
Central Office at  Washington, D.C., show u 2-mb. pressure 
jump at  1530 EST with  pressure rcrnnining  high until 
1630 EST. 

Althougb  widespread  thunderstornl :lctivit?- acconl- 
panied the  primary  instability  line,fi  the  only  other  scvcrc 
weather  reportred  in  the area was a gust  to 52  kt .   a t  
Baltimore  (between 1500 and 1600 EST); also :L LLvi~ len f”  
hailstorm, “st’rong” winds, and “torrelltial”  raills c-aused 
extensive d:tIn:tge to t’obacco crops on :t I:lnrI 22 nautic:ll 
miles west-northwest’ of the ca~nera  1oc:ttiorl in figure 1, 
but  the t,irne given W:IS “afternoon.” 

4. SUMMARY AND CONCLUSIONS 

Review of t’inle  lapse film of the WSR-57 PPI scope ttt’ 
Washingt’on National  Airport  revealed  that  three  separate 
radar echo line  systems  had  been  active witllin a 250- 
naut’ical  mile  radius of the  radar  site.  Only  one ol these 
lines (line 1 of fig. 8) was sufficiently prominent  to appear 
on hourly meso-scale surface  weather charts. A meso- 
High  to  the  rear of the  primary  instability  line could be 
recognized on  three  consecutive  hourly  surface maps. 

Line  intersections were  observed  on  three diff ercnt 
occasions: one  intersection  was  estimated to  be  approxi- 
mately 10 nautical miles  west-northwest Irom the  location 
of the  arcus  and  funnel  clouds at  the  time ol observation, 
and 10 nautical miles east of an  area of crop danluge 

radar echo line 1 observed on the WSR-57 PPI scopo at  Washington Nationel  Airport, 
6 The  term  “primary  instability line”  refers t o  a line determined by the position of 

the  hourly  and  special  surface  observations  within  about 200 n. mi. of the camera  lor;rtion, 
and an observation of a “fine line”  observed on the WSH-57 P P I  scope at  Atlantic  (’ity, 
N.J. The positions of this lin? are  shown in figure 10 

resulting  from  severe  weather.  Possibly  there is a relat’ion 
bet’ween thc  occurrence ol the  funnel  and  arcus clouds and 
the  intersection of the  two  instability  lines;  this hy- 
pot’hcsis  is supported by t,he  work of Magor [ 2 ] ,  who has 
rclatcd  certain  tornado  occurrences wit,ll mcso-Lows; and 
in  turn 11:)s depicted  these meso-Lows either  by the inter- 
sect’ion 01 two instability lines or by  the  intersection of a 
line  with :L northeastern  boundary of rain-cooled air. 
Also Tepper [3] has shown  how the  intersection of two 
prcssurc-jump lines  can be an important  factor  in tornado 

R:1tl:lr data  indicate  that  the  intersection of two insta- 
bility lines probably  occxrred  in  the  vicinit’y of the cloud 
pllcnonlena ; also  the  author  observed  t’hat  the cloud 
phenolllena Inoved from north to  south, followed by a 
light rain showcr and  severe  cloud-to-ground lightning 
which  moved from west to  east.  These  two  facts lead to 
tllc c~onclusion t’hat,  the  extrrnlely  unstable conditions, as 
eoidcnced by t,he  unusual cloud phenomena,  can  be at least 
partially  attributed  to  the  intersection of two instability 
lines, or the  intersection of one  instnbilit,g  line  with cold  air 
associated  with a Ineso-High. 

tlevelopnmt . 
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